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, 30% of plastics
automotive

industry is PP

In 2017, the total production capacity of polyethylene (PE) and
polypropylene (PP) worldwide amounted to 172 million metric tons.

M. Garside, May 2020



How are components assembled in a production line?

Interlocking
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Why are PE and PP challenging to glue?
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Why are PE and PP challenging to glue?




How to increase the surface energy?

Plasma treatment




Drawbacks of plasma treatment

o Formation of multiple reactive groups (unspecific
bonding with adhesives)

o Hydrophobic recovery (transient activation)

o Degration of the polymer chains (harsh treatment)

o Special infrastructure (vacuum)



Our approach: example

Glue
OVNH\/\O compatibility

AN F
| Hydrophobic
E g | recovery prevention

Surface W
anchor

F




Formulations into play
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Finding an easy to use chemical pre-treatment: 2-steps process
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Formulations as coatings
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UV-Activation induces the azide reaction
Wiping with a good solvent results in material loss



Formulations as coatings
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Is the reaction really occurring?

Are we creating a covalent bond between the primer and the surface?
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Formulations as coatings
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Formulations as coatings
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Formulations as adhesion primers
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2.0 -
PE
PP

Lap shear strength (MPa)

-
Ol
1

-
o
1

©
€)]
1

1|l PE (without additives)

0.0

Lap shear strength (MPa)

1.6+

1.2—.
1.0—.
0.8—-
0.6—-
0.4
0.2—-

0.0

Surface energy (mJ/m2)

1.6
{ PE_with additives | PP
—~1.4-
©
a
= 1.2-
<
871 04
o
» 0.8
g
20.6-
(72
Q0.4
— ]
0.2
30 35 40 45 50 55 60 65 25 30 35 40 45 50 55 60
Surface energy (mJ/m?2) Surface energy (mJ/m?)
1.6 ) »
PE_without additives
< 144
S i) —
£ ] S it T
D 1.0
c i
o
£ 08;
S 0.6
_% 4
© 041
iIU ]
0.2 .-
0-0 T T T T T T T 1
35 40 45 50 55 60 65



§ = cohesive/adhesive failure * = cohesive failure

Formulations as adhesion primers

Polyurethan-based adhesives
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Almost all formulations perform better than plasma on PE and PP.



ion primers

Formulations as adhes

Storage stability

Adhesion-Performance (Epoxy Adhesive)
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The formulations show a high storage stability with PU-based adhesives too.
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Are the tested formulations universal? 9 different adhesives were tested
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Are the tested formulations universal?

Lap shear strength (MPa)
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3 different adhesives were tested

On PE (without additives) the primers

* 1wt% triazide + 2wt% PHEMAcoPFPA(30)
e 1wt% triazide + 2wt% PHEMACcoPFPA(40)
e 1wt% triazide + 2.5wt% TA

perform as good as or better than plasma with
ALL the adhesives tested.



Conclusions

Only hydrophobic enough primers bind onto hydrophobic substrates:
2 components formulations (hydrophobic + OH-bearing) are needed to allow covalent bonding
and adhesion

Both the components of the formulation should contain azide groups to allow chemisorption of the
OH-bearing molecules

Using as second component a molecule without azide results in physisorption of this component:

instability upon exposure to water or solvents + shorter life time

The presence of additives in the substrate induces a worse performance of the primer

The formulations tested perform always better than plasma on PP and
as good as or better than plasma on PE-without additives
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